Background: Definite prognostic clinical factors of benefit for decitabine-based induction chemotherapy in elderly patients newly diagnosed with acute myeloid leukaemia (AML) are not identified. This study was designed to explore the potential biomarker, especially regeneration of haematopoiesis, of treatment response and survival in elderly patients with newly diagnosed AML.
Background
Acute myeloid leukaemia (AML) develops from clonal malignant disorders of haematopoietic stem cells, with a median age at diagnosis of 68 years [1] . Because of clinically and biologically heterogeneous features, elderly AML patients have poor prognosis attributable to increased resistance to current standard cytotoxic agents and/or poor tolerance of intensive induction chemotherapy; the rate of treatment-related mortality rate is 25-40% [1, 2] . Currently, decitabine is the appealing approach for AML patients who are not applicable for intensive induction chemotherapy. In a phase III study enrolling elderly patients (≥60 years) with previously untreated AML, decitabine resulted in a response rate (complete remission (CR) plus the CR without platelet recovery) of 17.8% and a median overall survival (OS) of 7.7 months [3] . However, this regimen was associated with low survival rates. The combination of decitabine and cytotoxic agents has been well established to trigger superior outcome and good tolerance for older or relapsed patients with AML [4, 5] . Our previous published study showed the regimen of low-dose decitabine, aclarubicin, cytarabine in combination with granulocyte stimulating factor (D-CAG) led to better results for elderly AML patients, with CR of 64.7% and median survival of 10 months [4] . Epigenetic changes are implicated in the mechanism of AML development and the hypomethylating agents received the US Food and Drug Administration approval for treatment in elderly AML patients. Methylation studies have shown global-and gene-specific hypermethylation in MDS and AML, but there seems to be little relation between the degree of demethylation following hypomethylating treatment and haematological response [6] [7] [8] . Effective methods for identifying AML patients who are most likely to respond to treatment with decitabine would be of immediate clinical utility [9] .
In clinical practice, specific chromosome abnormalities and molecular genetic changes are of particular interest in term of prognosis, thus may be used for stratifying patients with AML at different risks, which contributes for identifying appropriate therapeutic strategies [10] . However, their ability to predict response or survival on decitabine therapy is not be distinctly elucidated [11] . Recently, low-dose decitabine has been shown to promote megakaryocyte maturation and platelet production [12, 13] . Platelet response was identified as an independent positive predictor of overall response and OS [14] [15] [16] . To our knowledge, the prognostic importance of platelet counts before haematological recovery for response to decitabine alone or decitabine-based chemotherapy, such as D-CAG, remains unknown. Therefore, it is hoped that early recovery in the platelet count before haematological recovery will allow us to optimize treatment of distinct subtypes of AML receiving decitabine-based chemotherapy.
In the analysis of this study, we analysed baseline biomarkers, molecular mutation, clinical variables, and regeneration of haematopoiesis after a first cycle of D-CAG chemotherapy to investigate a prognostic marker of CR and OS in elderly AML patients.
Patients and methods

Patients
One hundred and seventeen patients aged≥60 years with newly diagnosed de novo or secondary AML (Additional file 1) according to the International Working Group criteria was enrolled in this study [17] . We compiled the routine blood values of the patients receiving D-CAG on day 7, 10 and 14 after chemotherapy. The study procedures and informed consent forms were approved by the ethic committee of the First Affiliated Hospital of Nanjing Medical University, Jiangsu Province Hospital with number 2011-SR-085 and also registered on ChicTR with number 11001700. All patients or their legal trustee provided written informed consent.
Treatment
All patients were administered decitabine at a dose of 15 mg/m 2 intravenously (day 1-5) and granulocyte colonystimulating factor of 300 μg/d (day 0-9) for priming in combination with cytarabine 10 mg/m 2 q12h (day 3-9) and aclarubicin 10 mg/d (day 3-6) (D-CAG) as induction therapy. Hydroxyurea was permitted as rescue medication to control white blood cells (WBC) to< 5.0 × 10 9 /L but was discontinued at least 24 h before decitabine treatment. Red cells and platelets were infused if haemoglobin (Hb) was under 70 g/L or platelet count under 20 × 10 9 /L. Patients who did not achieve CR or partial remission (PR) were offered alternative therapies. Post-remission therapy consisted of 4-6 cycles D-CAG or conventional chemotherapy [4] .
Study assessments
Bone marrow aspiration was performed when peripheral hemogram recovered, or 3-4 weeks after chemotherapy. Cytogenetic risk groups and treatment response were determined by European Leukaemia Net [18] and International Working Group criteria [17] . Mutation analysis of four relevant molecular marker genes was carried out as described previously [4] .
To quantify objective responses, CR was defined as normalization of bone marrow blasts (≤5% blasts) and peripheral blood neutrophil count ≥1.0 × 10 9 /L, platelet count > 100 × 10 9 /L. PR was defined as morphologic CR and 5-15% blasts with a decrease of at least 50% of total bone marrow blasts. The overall response rate (ORR) incorporated rates of CR and PR. All other patients were considered non-responders.
OS was measured from day 14 after the first cycle chemotherapy to the date of death from any causes or last follow-up. Disease-free survival (DFS) was calculated from the date of achievement of CR to an event, including relapse, death or last follow-up.
Statistical analysis
Differences to response treatment efficacy in subgroups according to platelet count were evaluated using the rank sum test for non-normal data. Patient characteristics were compared using T test (counting variables), Chi-square test or Fisher's exact test (categorical variables) between patients who did or did not achieve platelet count≥60 × 10 9 /L or 100 × 10 9 /L. The Chi-square test was also adopted for analysis of remission rate difference. A step multivariable logistic regression model was conducted for CR and ORR, as well as included covariates significant on univariate analysis. Kaplan-Meier method was performed to estimate the median survival and log-rank test was used to compare survival curves. To assess the independent prognostic variable on OS, hazard ratios (HR) and 95% confidence interval (CI) were calculated by using a Cox proportional hazards model. The covariates included ECOG PS, cytogenetic risk, FLT3-ITD and platelet count≥100 × 10 9 /L. A P value< 0.05 was considered statistically significant. All statistical analyses were performed by using SPSS Version 20 software.
Results
Patient characteristics
From September 2011 to April 2016, 117 newly diagnosed elderly AML patients were included in the study. The median age at diagnosis was 67 years (range: 60 to 87 years) with a male/female ratio of 1.21:1. Patients diagnosed with acute promyelocytic leukaemia were excluded from this study. Among those cases, 36 (30.8%) patients were aged 70 to 79, and 9 (7.7%) patients were aged 80 years or older. Baseline clinical characteristics for all patients are shown in Table 1 .
Pre-treatment cytogenetics were determined in 108 (92.3%) patients: 1 (0.8%) had good cytogenetics, 18 (15.4%) had poor cytogenetics, and the remaining 89 (76.1%) had intermediate cytogenetics.
At the time of diagnosis of AML, the patients' median WBC count was 6.92 (0.3-310.3) × 10 9 /L, the median Hb level was 84 (47-139) g/L, and the median platelet count was 49 (8-804) × 10 9 /L.
Treatment response
All patients were eligible for response following the administration of D-CAG as induction therapy. A median number of 2 cycles of the D-CAG regimen (range from 1 to 7 cycles) were administrated. After the first cycle, ORR was 71.8% (84 patients); 68 (58.1%) patients achieved CR, and 16 (13.7%) patients had PR. After the second cycle, ORR and CR were 72.7% and 64.1%, respectively. We divided patients into three groups according to the treatment efficacy and analysed peripheral hemogram results, including leukocyte, haemoglobin and platelet counts, on day 7, day 10, and day 14 after the initial therapy. There was a statistically significant difference in terms of platelet count on day 14 in patients with CR compared with those who had PR and NR (p < 0.001) (Fig. 1 Multivariate analysis indicated that the platelet counts≥100 × 10 9 /L on day 14 after treatment was associated with CR (Table 4) .
Survival
Among all patients, one patient underwent bone marrow puncture to evaluate treatment efficacy on day 14 after chemotherapy due to fast recovery of peripheral hemogram. Meanwhile, that day was the last follow-up of this study. Upon final analysis, a total of 77 deaths occurred in this study. The median OS of the cohort group was 13.9 months (range:0-55.1 months) and DFS of the patients achieving CR after the initial chemotherapy was 13.8 months.
Prognostic factors for OS and DFS
We dichotomized patients into those achieving a platelet count≥60 × 10 9 /L or 100 × 10 9 /L vs. those who did not. The early recovery of platelets was not associated with the patient age, sex, karyotype or pre-treatment peripheral blood cell counts ( Table 2) . OS was significantly longer among patients achieving a platelet count≥60 × 10 9 /L or 100 × 10 9 /L compared to patients who did not, after initiation of the first cycle of induction therapy (median OS: 16.5 vs. 9.1 months p = 0.009 and 31 vs. 10.1 months p = 0.003 Table 3 Fig. 3a,  b) . As showed in Table 5 , patients with ECOG 0-2 had significantly longer OS compared to those with ECOG≥3 (median value: 15.7 vs. 6 months p = 0.005 Fig. 3c ). Survival was shorter for patients with poor karyotype in comparison with patients with intermediate karyotype (median OS: 8.2 vs. 15.9 months p = 0.006 Fig. 3d ). Median OS was 14.8 months for patients without FLT-ITD3 mutation and 4 months for patients with mutation (Fig. 3e) . CR Patients after first cycle of induction treatment with receiving with platelet counts≥60 × 10 9 /L or 100 × 10 9 /L also acquired longer DFS (median value:16.3 vs. 7.4 months p = 0.024 and 16.9 vs. 8.9 months p = 0.006 Fig. 4) . In an exploratory analysis using a multivariate Cox proportional hazards model, poor cytogenetics (p = 0.010) and FLT3-ITD mutation (p = 0.007) were identified as the independent adverse prognostic factors, but not platelet count on day 14 (p = 0.091). Platelet count on day 14 was of independent prognostic importance for DFS (p = 0.035).
Discussion
This study targeted elderly AML patients who received decitabine-based chemotherapy. Reliable clinical or molecular parameters that can be used as prognostic marker of benefit from decitabine-based chemotherapy in patients with AML are not defined. An interesting finding from this study was that differences at the platelet level on day 14 after D-CAG correlate with response to decitabine-based chemotherapy and survival benefit in elderly AML patients. Based on a data analysis from 6283 AML patients receiving cytarabinebased therapy, Walter and colleagues [19] found that the patients with CR had superior relapse-free survival (RFS) compared with those achieving CRi (CR with incomplete platelet recovery), suggesting that platelet recovery may be potentially associated with survival. The consensus finding is that a quicker time to platelet recovery or platelet counts≥500 × 10 9 /L at 28 days after one course of induction chemotherapy initiation correlated with RFS and OS in patients with acute leukaemia who entered CR [20, 21] . Nevertheless, it remains controversial which time points after induction are of most prognostic significance or what quantifiable levels of minimal residual disease are most reliable in defining the prognosis of patients [20] . According to the previous study, the platelet count after induction therapy may serve as an index reflecting the amount of /L acquired significant higher CR but not ORR compared with those with platelet count < 100 × 10 9 /L minimal residual for AML patients with CR, as well as the degree of recovery upon exposure of normal progenitors to chemotherapy injure [20, 22] . Our observation of close relationships among platelet count, CR and survival seem to be based on a similar phenomenon. Unlike unaccompanied HMA treatments, which require several courses (four to six cycles) to achieve a response and are often needed to discern the effect of the therapy, responses could be observed after one cycle of conventional chemotherapy, including decitabine-based chemotherapy [4, 20, 21, 23] . It has been reported that low-dose decitabine promotes normal megakaryocyte outgrowth and differentiation of normal megakaryocytes into platelets [12, 13] . To our knowledge, the impact of early platelet regeneration to prognosis after decitabine-based chemotherapy has not been studied in a systematic fashion in AML before.
We evaluated the effect of baseline biomarkers, molecular mutation or clinical variables, especially the regeneration of haematopoiesis, on day 7, day 10 and day 14 after D-CAG. Consistent with the results from our previous study [4] , there was no statistical significance of CR rate between patients with poor and intermediate karyotype. Also, patients with or without FLT3-ITD mutation acquired similar CR rate. Those results indicated that patients at high risks could also benefit from decitabine induction therapy. The association between molecular or clinical biomarkers and decitabine response may be confounded by the variations in enzymes responsible for the activation and metabolism of decitabine [9] . Thus, it is clear that the evaluation of data collected after treatment may be more useful compared with evaluation of pre-treatment data, including cytogenetics and various genetic abnormalities [22] .
With the aim of identifying patients who will derive the greatest clinical benefit from decitabine-based chemotherapy, we analysed post-treatment findings to assess CR and OS that have focused on laboratory parameters, measured during the course of induction or at the time of CR. Here, we analysed whether platelet count, a much simpler test, on days 7, 10, and 14 after induction therapy might also be associated with CR and OS. We found superior CR and /L and 28 × 10 9 /L p < 0.001). CR was shown to be an important prognostic marker of longer survival [24] . Furthermore, we dichotomized patients into those who achieved a platelet count≥60 × 10 9 /L (the integer value closest to the median count of the CR group) or ≥ 100 × 10
